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1 Abstract

Eight fluorescent surfactants were synthesized by attaching aliphatic chains of 6, 10,
12, or 16 carbons to the fluorescent dyes Rhodamine B and Eosin Y. The obtained
critical micelle concentrations (CMC) demonstrate an increasing CMC with decreas-
ing aliphatic chain length, which is a typical behavior for surfactants. Additionally,
fluorescence quantum yield experiments show a decrease in quantum yield with in-
creasing aliphatic chain length, suggesting that the tails can interact with the dye,
influencing its excited state. Finally, applications for the fluorescent surfactants were
demonstrated; as a cellular stain in Panc-1 cells and as a dispersion and imaging tool
for carbon and boron nitride nanotubes. These surfactants could provide a useful tool
for a wide array of potential applications, from textile dyes to fluorescence imaging.

2 Introduction

Surfactants are commonly utilized molecules in a wide array of industries, from
personal care products to fuel additives.[1,2] There are four classifications of surfac-
tants, which are based on the molecule’s charge — anionic, cationic, nonionic, or zwit-
terionic.[1,2] In all cases they are amphiphilic molecules, consisting of a hydrophilic
group and a hydrophobic chain, where the hydrophobic tail prefers to avoid interac-
tion with water molecules while the hydrophilic head seeks to increase its interactions
with them. Once enough surfactant has been added to a solution, the hydrophobic
effect will drive the formation of micelles, in which their hydrophobic chains are



protected from water by a shell composed of the hydrophilic heads. The concentration
at which micelles begin to form is called the critical micelle concentration (CMC).
This concentration is dependent on the surfactant’s properties, particularly the length
of the aliphatic chain.[1,3,4]

The unique properties of surfactants make them ideal for many different applica-
tions. Their use spans numerous industries, from food and personal care to petroleum
and environmental remediation.[1,2,5,6] Perhaps the most well-known use of surfac-
tants is as the primary agent in detergents and soaps; however, they are also common-
ly utilized in wetting agents, industrial foams, and drug-delivery, among others.[1,2]
The vast applications of surfactants has spurred the continued study of new surfactant
systems. One type of surfactant that has not been fully studied and developed is a
fluorescent surfactant.

Adding fluorescence capabilities to the already unique properties of surfactants
further expands the potential applications for these systems. In many applications,
surfactants and dyes are both utilized to obtain a certain result. However, combining
these two components into a single compound would reduce the steps and materials
required and improve the efficiency of the process. For example, fluorescent or dye-
based surfactants could be used in paint production,[7] fabric or textile dyeing,[8] and
in fluorescence microscopy applications, such as imaging of materials[9-11] or target-
ed cell staining.[12] Current work in fluorescent surfactants has only scratched the
surface of these possibilities.[13-16]

We propose a simple conjugation for the production of fluorescent surfactants
that has the distinct benefits of a simple synthetic approach and impressive adaptabil-
ity. Our surfactants are prepared through a mild esterification reaction between com-
mon fluorescent dyes, Rhodamine B and Eosin Y, and aliphatic alcohols of varied
carbon chain lengths. Though some of these dye-ester structures have been previously
reported, [17-22] in depth fluorescence characterization and CMC for the different
surfactants is lacking from the literature. The simplicity of this approach makes it
easily adaptable to a wide array of common dyes, allowing for a selection in desired
wavelength and charge. Additionally, the length of the alcohol utilized will manipu-
late the surfactant properties to fit a particular application.
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Fig. 1: Structures of fluorescent surfactants.

In this manuscript eight fluorescent surfactants (Fig. 1) were prepared by adding
aliphatic chains of 6, 10, 12, and 16 carbons to two fluorescent dyes (Rhodamine B &
Eosin Y). This was achieved through an esterification reaction between the carboxylic
acid present on each dye and an alcohol with the desired aliphatic chain length. The
chosen fluorescent dyes provide both anionic and cationic surfactants with different
fluorescent properties for varied applications. Surfactants will be denoted based on the
dye (R for Rhodamine and E for Eosin) and the aliphatic chain length (6, 10, 12, or
16). For example, a Rhodamine surfactant with an aliphatic chain length of 16 will be
denoted as R16. Each surfactant was characterized by '"H and *C NMR and the criti-
cal micelle concentration and fluorescent quantum yield were measured for each.
Here we report the surfactants syntheses and analyses. We also demonstrate applica-
tions for the produced surfactants; as tools for fluorescence imaging of cells and na-
nomaterials, carbon and boron nitride nanotubes. We believe these fluorescence sur-
factants can be used to stain and label different structures ranging from cells, to
nanostructures, to textiles.

3 Experimental Section

Materials. Rhodamine B was purchased from Acros and Eosin Y was obtained from
Sigma-Aldrich. Alcohols were purchased from Aldrich (hexadecanol, dodecanol, &
hexanol) and Acros (decanol). All chemicals were used as received with no further
purification. Carbon nanotubes were HiPco SWCNTSs obtained from Nanolntegris (lot
HR32-009) and purified by a previously reported method.[23] Boron nitride nano-



tubes were Q1P type obtained from BNNT, LLC and purified by a reported method-
ology.[24]

General Procedure for Surfactant Synthesis. The surfactants were synthesized by a
previously reported, mild esterification reaction based on the Garegg-Samuelsson
reaction.[25] CH,Cl, (~4 mL) was added to an oven-dried round-bottom flask
equipped with a stir bar. I, (0.15 mmol), PhsP (0.15 mmol), imidazole (0.33 mmol),
and either Rhodamine B or Eosin Y (0.1 mmol) were added to the flask while stirring.
The solution was allowed to stir for 5 minutes before the alcohol (0.15 mmol) was
added. Then the reaction was stirred for 24 hours in the dark. The crude product was
washed with 2N HCI and water before being dried with MgSO4and the solvent re-
moved under vacuum. The product was purified by column chromatography ina 1:1:1
mixture of DCM, hexanes, and acetone and characterized by NMR (see ESI for spec-
tra).

R6: 'H NMR (500 MHz, MeOD) § 8.23 (dd, 1H, J=6.5Hz, 1Hz), 7.76 (dtd, 2H,
J=9Hz, 6.5Hz, 1.5Hz), 7.37 (dd, 1H, J=6Hz, 1Hz), 7.07 (d, 2H, J=9.5Hz), 6.98 (dd,
2H, J=7Hz, 2.5Hz), 6.93 (d, 2H, 2.5Hz), 3.86 (t, 2H, J=6.5Hz), 3.62 (q, 8H, J=7.5Hz),
1.06 (m, 20H), 0.76 (t, 3H, J=7.5Hz). *C NMR (125 MHz, MeOD) & 167.07, 160.28,
159.47, 157.31, 134.69, 134.13, 132.60, 132.48, 132.10, 131.75, 131.65, 115.70,
114.96, 97.43, 66.91, 46.99, 32.73, 29.67, 26.82, 23.66, 14.54, 12.97.

R10: 'H NMR (500 MHz, MeOD) & 8.23 (dd, 1H, J=6Hz, 1.5Hz), 7.76 (dtd, 2H,
J=8Hz, 6Hz, 1.5Hz), 7.36 (dd, 1H, J=6Hz, 1Hz), 7.07 (d, 2H, J=10Hz), 6.98 (dd, 2H,
J=THz, 2.5Hz), 6.92 (d, 2H, 2.5Hz), 3.86 (t, 2H, J=6.5Hz), 3.61 (q, 8H, J=7Hz), 1.15
(m, 27H), 0.82 (t, 3H, J=7.5Hz). “C NMR (125 MHz, MeOD) § 167.08, 160.33,
159.49, 157.32, 134.71, 134.14, 132.62, 132.50, 132.11, 131.77, 131.67, 115.71,
114.99, 97.44, 66.91, 47.03, 33.22, 30.85, 30.68, 30.58, 30.47, 29.55, 27.11, 23.89,
14.60, 13.01.

R12:'H NMR (500 MHz, MeOD) & 8.21 (dd, 1H, J=7Hz, 1Hz), 7.74 (dtd, 2H, J=
9Hz, 6Hz, 1.5Hz), 7.34 (dd, 1H, J=6.5Hz, 1Hz), 7.05 (d, 2H, J=9.5Hz), 6.96 (dd, 2H,
J=9.5Hz, 2.5Hz), 6.91 (d, 2H, 2.5Hz), 3.84 (t, 2H, J=6.5Hz), 3.59 (q, 8H, J=7Hz),
1.18 (m, 32H), 0.80 (t, 3H, J=7Hz). *C NMR (125 MHz, MeOD) § 167.08, 160.33,
159.49, 157.31, 134.71, 134.16, 132.63, 132.51, 132.10, 131.78, 131.68, 115.71,
114.99, 97.44, 66.92, 47.03, 33.23, 30.93, 30.91, 30.89, 30.69, 30.65, 30.48, 29.56,
27.12,23.90, 14.61, 13.01.

R16: '"H NMR (500 MHz, MeOD) & 8.21 (dd, 1H, J=6.5Hz, 1Hz), 7.74 (dtd, 2H, J=
8.5Hz, 6Hz, 1.5Hz), 7.34 (dd, 1H, J=6Hz, 1Hz), 7.05 (d, 2H, J=9.5Hz), 6.96 (dd, 2H,
J=THz, 2.5Hz), 6.90 (d, 2H, 2.5Hz), 3.84 (t, 2H, J=6Hz), 3.59 (q, 8H, J=7Hz), 1.21
(m, 41H), 0.80 (t, 3H, J=5Hz). '*C NMR (125 MHz, MeOD) & 167.49, 160.37,
159.51, 157.34, 134.71, 134.14, 132.64, 132.51, 132.13, 131.77, 131.68, 115.71,



115.00, 97.44, 66.92, 47.02, 33.23, 30.93, 30.91, 30.88, 30.87, 30.86, 30.66, 30.63,
30.47,29.56,27.11, 23.89, 14.59, 13.00.

E6: 'H NMR (500 MHz, DMSO-d6) & 8.21 (dd, 1H, J=6.5Hz, 1.5Hz), 7.86 (dtd, 2H,
J=18.5Hz, 6Hz, 1Hz), 7.56 (dd, 1H, J=7Hz, 0.5Hz), 7.02 (s, 2H), 3.92 (t, 2H, J=6Hz),
1.00 (m, 11H). 3C NMR (125 MHz, DMSO-d6) & 168.54, 152.93, 131.77, 131.48,
130.67, 130.10, 129.56, 129.31, 118.50, 109.18, 99.71, 76.54, 65.36, 55.29, 30.06,
29.75,29.58,25.16, 21.56, 13.95.

E10: 'H NMR (500 MHz, DMSO-d6) & 8.21 (dd, 1H, J=7Hz, 1Hz), 7.88 (dtd, 2H,
J=19Hz, 6Hz, 1.5Hz), 7.55 (dd, 1H, J=7Hz, 0.5Hz), 6.99 (s, 2H), 3.92 (t, 2H, J=6Hz),
1.05 (m, 19H). 3C NMR (125 MHz, DMSO-d6) & 168.30, 152.93, 132.98, 130.60,
130.31, 130.06, 129.75, 129.01, 118.51, 109.18, 99.52, 76.54, 65.22, 55.29, 31.29,
28.98, 28.75, 28.67, 28.64, 28.60, 27.82, 25.42, 22.09, 13.97.

E12: 'H NMR (500 MHz, DMSO-d6) & 8.14 (dd, 1H, J=7Hz, 1Hz), 7.81 (dtd, 2H,
J=19Hz, 6.5Hz, 1Hz), 7.49 (dd, 1H, J=6.5Hz, 1Hz), 6.93 (s, 2H), 3.92 (t, 2H, J=6Hz),
1.03 (m, 23H). *C NMR (125 MHz, DMSO-d6) & 168.30, 152.92, 132.86, 130.65,
130.60, 130.07, 129.08, 129.01, 118.50, 109.18, 99.52, 72.31, 65.29, 55.29, 31.29,
29.00, 28.97, 28.94, 28.73, 28.70, 28.67, 28.63, 27.81, 25.42, 22.09, 13.96.

E16: 'H NMR (500 MHz, DMSO-d6) & 8.14 (dd, 1H, J=7Hz, 1Hz), 7.81 (dtd, 2H,
J=19Hz, 6.5Hz, 1.5Hz), 7.49 (dd, 1H, J=6.5Hz, 1Hz), 6.93 (s, 2H), 3.91 (t, 2H,
J=6Hz), 1.09 (m, 31H). *C NMR (125 MHz, DMSO-d6) & 168.38, 153.11, 133.14,
130.69, 130.33, 130.07, 129.77, 129.02, 118.52, 109.19, 99.54, 76.78, 65.23, 55.69,
31.28,29.75,29.72, 29.70, 29.05, 29.00, 28.90, 28.70, 28.63, 25.42, 22.08, 13.94.

Critical micelle concentration measurements. The critical micelle concentration of
each surfactant was determined by measuring interfacial tension as a function of sur-
factant concentration. The pendant drop method[26] was utilized for interfacial ten-
sion measurements. Each pendant drop was produced with ca. 5 pL of surfactant
solution and recorded using a Ramé-hart contact angle goniometer (Model 100-01S)
with a Ul series super speed digital camera and DROPimage Standard software. The
pendant drops were analyzed using an ImageJ Plugin.[27] Rhodamine surfactants
were first dissolved in methanol and then diluted to their final concentration in water.
The methanol concentration was < 5% for all measurements.

Spectroscopic studies. Absorbance measurements were acquired using a Shimadzu
2450 UV-Visible spectrophotometer. Photoluminescence spectra were measured with
a Horiba Nanolog Spectrophotometer. All samples were excited at 485 nm and rec-
orded from 500 to 720 nm. Quantum yield (¢) measurements were performed using
Rhodamine B as a standard (¢st = 0.31).[28] All samples were prepared by dissolving



the compound in methanol and diluting with water until the desired absorbance at 485
nm was reached. The methanol concentration was < 1% for all measurements.

Cell staining. Panc-1 cells were maintained with Dulbecco Modified Eagle Medium
with 10% fetal bovine serum and 1% penicillin and streptomycin at 37 °C and 5%
CQOs,. Cells were plated onto microscope slides at 30,000 cell/mL and adhered for 6h.
Cells were rinsed with PBS and fixed with paraformaldehyde (4% in PBS) at room
temperature for 20 min. After another rinse with PBS, cells were stained with the R16
surfactant (500 nM in PBS) and incubated at room temperature for 20 min. Cells were
rinsed and mounted with ProLong AntiFade Gold with DAPI. Images were taken on a
Nikon A1R confocal microscope using 40x and 60x oil immersion objectives (com-
pressed z-stack: 60x oil immersion objective) with DAPI and TRITC channels.

Nanomaterial imaging. Carbon nanotubes (CNTs) and boron nitride nanotubes
(BNNTs) were added to ca. 4mL of 100uM surfactant (E10 for BNNTs, R10 for
CNTs) in water at an initial concentration of 0.125mg/mL. The mixture was bath
ultrasonicated for 10 minutes (Cole-Parmer 8891, 42 kHz). The resulting dispersion
was diluted by half with water and then 0.5uL was applied to a glass slide and al-
lowed to dry. After drying, 100uL of water was added to the slide, to remove some
excess surfactant, and blotted with a Kim Wipe. Slides were imaged using a Zeiss
Axiovert 200M epi-fluorescence microscope with a TRITC filter cube (Chroma;
Aex 527-552/ 565 dichroic/ Aem 577-632 nm), a 100x oil immersion objective
(N.A.=1.3), and a Toupcam industrial digital camera with a 1.4MP Sony CCD sensor,
controlled by ToupView software.

4 Results & Discussion

Eight fluorescent surfactants (Fig. 1) were synthesized through an esterification
reaction between two fluorescent dyes (Rhodamine B and Eosin Y) and alcohols with
carbon chains of varying lengths (6, 10, 12, and 16 carbons). Initial synthetic at-
tempts, using a standard Fisher esterification, yielded too many biproducts that were
difficult to separate. We, therefore, decided to try a milder reaction based on the Ga-
regg-Samuelsson reaction.[25] This reaction proceeds through the formation of an
alkoxyphosphonium intermediate that is then attacked by the alcohol to generate the
desired ester. The reaction scheme and resulting % yields for the reaction are listed in
Table 1. Our yields are lower than what has been typically reported for the reaction of
aliphatic carboxylic acids with small alcohols, however, it is important to note that



our carboxylic acid is in the ortho position of a benzyl group, (Fig. 1) where there can
be significant steric constraints, leading to lower yields.

Table 1. Reaction scheme and percent yields for the eight surfactants studied.

[Insert file: Rxn Scheme.jpg]

Sample Dye Alcohol % Yield
R6 Rhodamine B Hexanol 20.9%
R10 Decanol 12.4%
R12 Dodecanol 25.1%
R16 Hexadecanol 7.6%
E6 Eosin Y Hexanol 12.1%
E10 Decanol 8.7%
E12 Dodecanol 8.9%
E16 Hexadecanol 14.4%

The resulting surfactants form visible bubbles when shaken, consistent with the
formation of micelles, and present intense fluorescence (Fig. 2). To characterize these
behaviors, the surfactants were analyzed by determining their critical micelle concen-
tration (CMC) and their fluorescence properties. As Rhodamine B produces positively
charged surfactants and Eosin Y produces negatively charged surfactants, the eight
surfactants could be compared based on charge and aliphatic chain length.



Fig. 2: Schematic demonstrating formation of micelle from surfactant molecules and
picture of surfactant (R12) solution with bubble formation and intense fluorescence.

When surfactants are added to an aqueous solution at low concentrations, they
remain free in solution and act similarly to any electrolyte, decreasing the surface and
interfacial tension of the solution.[1,2] However, above a certain concentration (the
CMQC), the surfactant will aggregate to form micelles.[1-4] The CMC was determined
for all eight surfactants (Fig. 3) by measuring the interfacial tension with increasing
concentration, utilizing the pendant drop method.[26] Briefly, a drop of solution with
a known concentration of surfactant is imaged as it hangs from the tip of a syringe —
forming a ‘pendant’ shape. The drop shape is analyzed to calculate interfacial tension
between the solution and surrounding air. As surfactant concentration increases, the



interfacial tension will slowly decrease until reaching a plateau. The point at which
the change in interfacial tension levels off is the CMC (Fig. 3b, ESI). The measured
CMC values for the Rhodamine B surfactants were 2.4 mM (R6), 1.2 mM (R10), 0.75
mM (R12), and 0.65 mM (R16), and for the Eosin Y surfactants were 3 mM (E6), 2.3
mM (E10), 1.4 mM (E12), and 1.1 mM (E16).
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Fig. 3: Example pendant drop image (a) and interfacial tension measurements (b) for
surfactant E12. Trends in CMC for the eight surfactants as a function of aliphatic
chain length in number of carbons (c). The Rhodamine surfactants (pink) have CMCs
of 2.4 mM (R6), 1.2 mM (R10), 0.75 mM (R12), and 0.65 mM (R16), while the Eosin
surfactants (blue) have CMCs of 3 mM (E6), 2.3 mM (E10), 1.4 mM (E12), and 1.1
mM (E16).

The eight surfactants show a decrease in CMC with increasing aliphatic chain
length, as expected from published CMCs for common surfactants.[3] The longer the
carbon chain gets, the more hydrophobic the surfactant becomes, promoting micelle
formation at lower concentrations. A similar trend is seen when comparing sodium
alkyl sulfate surfactants of varying alkyl chain lengths. Sodium hexadecyl sulfate has
a CMC of 0.5 mM, which increases to 8 mM, 33 mM, and 4.6 M when the alkyl
group is changed to dodecyl, decyl, and hexyl respectively.[3] The change in CMC
with decreasing aliphatic chain length is not as dramatic in our surfactants, likely due
to intermolecular interactions, such as m-m stacking, between the dye molecules fur-
ther promoting molecular association at lower concentrations. This observation is
supported by the CMC values for sodium alkyl benzene sulfonate surfactants. Sodium
hexadecyl benzene sulfonate has a CMC of 0.5 mM, which increases to 1.19 mM, 3.7
mM, and 37 mM with the switch in alkyl group to dodecyl, decyl and hexyl respec-
tively.[3] As the fluorescent surfactants reported here contain even more conjugation
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for n-m stacking interactions to occur, it is understandable why the change in CMC
with decreasing carbon chain length is even further diminished. Finally, the four Eo-
sin surfactants have slightly larger CMC values, for all aliphatic chain lengths, than
the Rhodamine surfactants. This cannot be accounted for with charge, as common
ionic surfactants with the same aliphatic chain length, sodium alkyl sulfate and alkyl
ammonium chloride, show the opposite trend: the anionic, sodium alkyl sulfate sur-
factants demonstrate a smaller CMC than the cationic, ammonium alkyl chloride
surfactants.[3] However, focusing more closely on the dyes’ structures elucidates the
reason for this difference. Eosin Y contains four Br groups around the xanthene core.
As Br groups are very bulky, these additions most likely disrupt some of the n-m inter-
actions between Eosin groups, slightly impeding micelle formation.

In addition to studying micelle formation of each surfactant, we also investigated
the photoluminescence properties of the surfactants through fluorescence studies. Fig.
4 (a & c) show normalized UV-visible absorbance and emission spectra for the Rho-
damine (4a) and Eosin (4c) surfactants. Changing the aliphatic chain length of the
surfactant did not impact these spectra, so only the R6 and E6 spectra are shown. The
fluorescence quantum yield (¢) of each surfactant (Fig. 4 b & d) was calculated using
the equation ¢px= ¢sr(Gradx/Gradsr) where X and ST denote the sample and standard,
respectively, and Grad refers to the slope of the plot of integrated photoluminescence
as a function of absorbance. Rhodamine B (¢sr = 0.31)[28] was used as the standard
in all cases.
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Fig. 4: Absorbance and emission spectra for R6 (a) and E6 (c) surfactants. These
spectra did not change with different aliphatic chain lengths. Quantum yield meas-
urements for Rhodamine (b) and Eosin (d) surfactants show a decrease in quantum
yield with increasing aliphatic chain length. The Rhodamine surfactants had quantum
yields of 0.25 (R6), 0.22 (R10), 0.15 (R12), and 0.02 (R16), and the Eosin surfactants
had quantum yields of 0.18 (E6), 0.14 (E10), 0.04 (E12), and 0.01 (E16).

Quantum yield measurements show that increasing the aliphatic chain length
leads to quenching of the fluorescence (Fig. 4 b & d). While the 6-carbon chain sur-
factants had quantum yields similar to those of their parent dye (¢rs = 0.31, ¢prs =
0.25, dey = 0.20, ¢gs = 0.18), the quantum yield decreased with increasing chain
length ((I)RIO = 0.22, (I)Rlz = 0.15, ¢R16 =0.02; (I)Elo = 0.14, (I)Elz = 0.04, ¢E16 = 0.01). This
further supports that the dye molecules are interacting through n-n stacking interac-
tions, as these interactions can promote deactivation by nonradiative pathways, and
thus quench the emission. Such quenching was previously reported by Enoki and
Katoh in aggregates of Eosin Y.[29] Although all measurements were performed well
below the CMC of the surfactants, associations can happen between these molecules,
which will be more favorable the more hydrophobic they become. In addition,
quenching could also occur through interaction of the dye with the aliphatic chain that
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will likely wrap around the aromatic dye in order to reduce contact with water mole-
cules. To further investigate this result, the quantum yields of R12 and E12 were
additionally tested in 1 wt. % CTAC (~31 mM) and SDS (~35 mM), respectively.
These concentrations were well above the surfactants” CMCs (1.3 mM for CTAC and
8 mM for SDS) [3]. This was expected to produce mixed micelles which could pre-
vent aggregation of the dye and, therefore, increase its quantum yield. As expected,
the quantum yields of the two surfactants increased in this environment from ¢ri2 =
0.15 and ¢512 =0.04 to ¢R12 =(0.25and ¢512 =0.16.

Throughout this manuscript we have proven the amphiphilic Rhodamine-B and
Eosin Y act as surfactants, and have characterized their spectral properties. These
surfactants could be utilized in a variety of applications, such as industrial and re-
search purposes, depending on the surfactant properties required. Here we demon-
strate that fluorescent surfactants can be used as tools for cellular and nanomaterial
imaging. Cellular membranes are similar to surfactants, in that they are composed of
amphiphilic molecules (phospholipids) that orient in a bilayer so that the hydrophilic
phosphate heads interact with the aqueous surroundings and shield the hydrophobic
tails in the interior. Therefore, it is logical that a surfactant molecule, as long as it is
kept below its CMC, could simply insert itself within the membrane. In addition to the
cellular membrane, most organelles, such as the mitochondria, endoplasmic reticu-
lum, and lysosomes, are also enveloped in a membrane bilayer. Confocal images of
Panc-1 cells incubated with R16 (500 nM in PBS) show a granular diffuse staining of
the cell (Fig. 5), which is likely produced by binding organelle membranes. These
studies show that fluorescent surfactants can be utilized as a novel full cell stain.

Fig. 5: Confocal microscope images of Panc-1 cells incubated with R16 (500 nm in
PBS). (a) 40x magnified image of 4 cells shows the R16 surfactant enters the cell but



remains outside the nucleus. (b) 60x magnified compressed z-stack image of a single
cell reveals pockets in the R16 staining that could be produced by the dye’s localiza-
tion in organelle membranes.

Another application for these surfactants is in the dispersion and imaging of na-
nomaterials. Surfactants are commonly used for nanomaterial dispersion[30-32] as
these materials are typically hydrophobic in nature. In the case of carbon and boron
nitride nanotubes, utilizing surfactants has been shown to produce individualized
nanotubes well dispersed in aqueous solution.[30,31] With a fluorescent surfactant,
these individualized tubes can then be imaged using standard fluorescence microsco-
py. In figure 6 we demonstrate this with CNTs (Fig. 6A) and BNNTs (Fig. 6B) im-
mobilized on a glass slide. The individualized nanotubes can be easily visualized and
studied with minimal sample preparation.

a)

5Hum

Fig. 6: Fluorescence microscope images of individual CNT (a) and BNNTs (b) dis-
persed in the fluorescent surfactants R10 and E10, respectively, and drop casted onto
a glass microscope slide.

5 Conclusion

Eight fluorescent surfactants were synthesized by an esterification reaction be-
tween a fluorescent dye (Rhodamine B or Eosin Y) and an alcohol (hexanol, decanol,
dodecanol, or hexadecanol). The CMC and fluorescence properties were studied for
each surfactant. The CMC increased with decreasing aliphatic chain length, but not to
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the same degree as is seen with sodium alkyl sulfate surfactants, suggesting that in-
termolecular interactions between the dye molecules promotes micelle formation. The
fluorescence quantum yield also decreases with increasing aliphatic chain length,
which is consistent with increased intermolecular interactions. Finally, we show the
full cellular staining and imaging using the fluorescent surfactant, R16. As well as, the
dispersion and imaging of CNTs and BNNTs using the fluorescent surfactants R10
and E10, respectively. Surfactants are widely utilized compounds in a vast array of
applications, from detergents to industrial foams. Adding fluorescence capabilities to
surfactants extends their potential applications and makes some processes more effi-
cient that typically require both surfactants and dyes to perform. Our modular ap-
proach to surfactant synthesis will allow for further production of a full line of fluo-
rescent surfactants with varied photoluminescence and surface properties.
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